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(54) Ferroelectric memory and method for fabricating the same 



(57) A first Insulating hydrogen barrier film is filled 
between lower electrodes of some ferroelectric capaci- 
tors arranged along one direction out of a word line di- 
rection and a bit line direction among a plurality of fer- 
roelectric capacitors Included In a ferroelectric memory 
of this Invention. A common capacitor dielectric film 
commonly used by the seme ferroelectric capacitors ar- 
ranged along the one direction Is fonned on the lower 



electrodes of the some ferroelectric capacitors a rranged 
along the one direction and on the first insulating hydro- 
gen barrier film. A common upper electrode commonly 
used by the some ferroelectric capacitors arranged 
along the one direction is formed on the common ca- 
pacitor dielectric film. A second insulating hydrogen bar- 
rier film is formed so as to cover the common upper elec- 
trode. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present i nvention relates to a ferroelectric 
memor/ Including a plurality of ferroeleclric capacitors, 
each of which has a lower electrode, a capacitor dielec- 
tric tllm of a ferroelectric film and an upper electrode 
formed successively on a semiconductor substrate, ar- 
ranged in a matrix shape along a word line direction and 
a bit line direction, and a method for fabricating the fer- 
roelectric memory. 

[0002] Recently, a nonvolatile ferroelectric memory 
Including a capacitor dielectric film made from a ferroe- 
lectric material having a hysteresis characteristic, such 
as SrBl2Ta209 (hereinafter referred to as SBT) or Pb(Zr, 
Ti)03 (hereinafter referred to as P2T)» has been devel- 
oped. The ferroelectric material such as SBT or PZT 
used in this ferroelectric memory is a ferroelectric oxide. 
[0003] Therefore, the ferroelectric oxide Is reduced If 
It is exposed to a reducing atmosphere or a hydrogen 
atmosphere in particular during annealing performed In 
an atmosphere including hydrogen for securing the 
characteristic of a MOS transistor formed on a semicon- 
ductor substrate after forming aluminum wires above a 
plurality of ferroelectric capacitors with an Interlayer In- 
sulating film sandwiched therebetween or during CVD 
performed forfllllng a tungsten film In a contact hole with 
an aspect ratio sufficiently high for reducing the size of 
the semiconductor memory. As a result of the reduction, 
the crystal composition of the fen-oelectric oxide is bro- 
ken, so that the insulating property of the capacitor die- 
lectric film or the characteristic of the ferroelectric oxide 
can be largely degraded. 

[0004] Accordingly, In order to prevent the capacitor 
dielectric film of the ferroelectric capacitor from being 
reduced through the exposure to hydrogen even when 
the ferroelectric capacitor is subjected to annealing per- 
fomied in a hydrogen atmosphere after forming It, a hy- 
drogen barrier film for preventing hydrogen from Invad- 
ing the capacitor dielectric f lim Is formed over the fen-o- 
electric capacitor. 

[0005] In the case where the hydrogen barrier film is 
formed between the ferroelectric capacitor and an inter- 
layer Insulating film formed thereon, the area of the hy- 
drogen barrier film should be larger than that of the fer- 
roelectric capacitor by at least several pjn for preventing 
the hydrogen from invading In a horizontal direction. Al- 
so, since the hydrogen barrier film is formed also on a 
contact plug buried in the Interlayer insulating film, if the 
contact plug Is made from a tungsten film formed by the 
CVD, the effect of the hydrogen barrier film to prevent 
the hydrogen Invasion of the capacitor dielectric film Is 
lowered. 

[0006] in particular, the area of the ferroelectric ca- 
pacitor has recently been reduced (to 1 or less] due 
to the size reduction of the fen-oelectric nnemory, and for 
the above-described reason, the hydrogen Invasion of 



the capacitor dielectric film cannot be definitely prevent- 
ed merely by covering the fen-oelectrlc capacitor with the 
hydrogen barrier film. 

[0007] As a countermeasure, Japanese Laid-open 
5 Patent Publication No. 11-135736 has proposed a fer- 
roelectric memory having a structure as shown in FIG. 6. 
[0008] Now, the ferroelectric memory of FIG. 6 will be 
described as a conventional example. 
[0009] An Isolation region 11 and Impurity diffusion 
10 layers 12 serving as a source and a drain are fonned in 
surface portions of a silicon substrate 10. A gate elec- 
trode 1 3 is formed on the sil icon substrate 10 with a gate 
insulating film sandwiched therebetween in a portion be- 
tween the Impurity diffusion layers 12. The gate eiec- 
is trode 13 and the impurity diffusion layers 12 together 
fomi a field effect transistor. 

[001 0] A first interiayer insulating film 1 4 is formed on 
the field effect transistor and the Isolation region 11, and 
a first insulating hydrogen barrier film 15 is formed on 

20 the first interiayer insulating film 14 above the isolation 
region 11. A ferroelectric capacitor including a lower 
electrode 16, a capacitor dielectric film 17 of a ferroe- 
lectric film and an upper electrode 18 Is fonned on the 
first insulating hydrogen barrier film 1 5. A conducting hy- 

25 drogen barrier film 19 is foni^ed on the upper electrode 
18. and a second insulating hydrogen barrier film 20 Is 
formed on the top face of the conducting hydrogen bar- 
rier film 19 and the side faces of the lower electrode 16, 
the capacitor dielectric film 17 and the upper electrode 

30 18. Thus, the ferroelectric capacitor is completely cov- 
ered with the first insulating hydrogenbarrler film 15, the 
conducting hydrogen barrier film 19 and the second in- 
sulating hydrogen barrier film 20. 
[001 1] A second Interlayer Insulating film 21 Is formed 

35 on the first Interlayer Insulating film 14 and the second 
Insulating hydrogen barrier film 20. A metal wire 22 Is 
formed on the second Interiayer insulating film 21, and 
the metal wire 22 is connected to a contact plug 23 bur- 
led In the first Interlayer insulating film 14 and the second 

"to Interiayer Insulating film 21 . 

[0012] Since the ferroelectric capacitor Is conrtpletely 
covered with the first Insulating hydrogen barrier film 1 5, 
the conducting hydrogen barrier film 19 and the second 
insulating hydrogen barrier film 20 as described above, 

43 the hydrogen Invasion of the capacitor dielectric film 1 7 
can be prevented. 

[0013] In this conventional ferroelectric memory, how- 
ever, a side portion of the second insulating hydrogen 
barrier film 20 may disappear or be reduced in its thick- 

50 ness due to mask shift occurring in patterning the sec- 
ond Insulating hydrogen barrier film 20. 
[0014] Therefore, it is necessary to increase the thick- 
ness of the second Insulating hydrogen barrier film 20 
and to increase the margin of a mask used for pattering 

ss the second insulating hydrogen barrier film 20. 

[0015] As a result, it is necessary to increase the in- 
tervals between ferroelectric capacitors, which disad- 
vantageousiy makes It difficult to reduce the size of the 
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ferroelectric memory. 

SUMMARY OF THE INVENTION 

[0016] In consideration of the aforementioned con- 
ventional problem, an object of the Invention is definitely 
preventing hydrogen from invading a capacitor dielectric 
film of a ferroelectric capacitor as well as reducing the 
size of a ferroelectric memory. 

[001 7] In order to achieve the object, the ferroelectric 
memory of this Invention comprises a plurality of ferro- 
electric capacitors, each of which includes a lower elec- 
trode, a capacitor dielectric film of a ferroelectric film and 
an upper electrode successively formed on an interlayer 
insulating film on a semiconductor substrate, the plural- 
ity of ferroelectric capacitors being arranged along a 
word line direction and a bit line direction, a first insulat- 
ing hydrogen barrier film Is filled between the lower elec- 
trodes of some ferroelectric capacitors, among the plu- 
rality of lerroelectric capacitors, that are arranged along 
one direction out of the word line direction and the bit 
line direction, the capacitor dielectric film is formed as a 
common capacitor dielectric film commonly used by the 
some ferroelectric capacitors arranged alo n g the o n e di - 
rectlon and formed on the lower electrodes of the some 
ferroelectric capacitors arranged along the one direction 
and on the first Insulating hydrogen barrier film, the up- 
per electrode is formed as a common upper electrode 
commonly, used by the some ferroelectric capacitors ar- 
ranged along the one direction and fomned on the com- 
mon capacitor dielectric film, and a second insulating 
hydrogen barrier film Isfonnedto cover the common up- 
per electrode. 

[001 S] In the ferroelectric msmor/ of this invention, 
the first Insulating hydrogen barrier film Is filled between 
the lower electrodes of the plural ferroelectric capacitors 
arranged in one direction out of the word line direction 
and the bit line direction. Therefore, there is no need to 
pattern the first insulating hydrogen barrier film in re- 
gions between the lower electrodes of the ferroelectric 
capacitors arranged In the one direction, and hence, 
there Is no need to secure a dimensional margin be- 
tween the lower electrodes in consideration of shift of a 
mask used for patterning. As a result, the intervals be- 
tween the ferroelectric capacitors can be reduced, so as 
to reduce the area of the memory cell, namely, the area 
of the ferroelectric memory. 

[0019] Also, since the second insulating hydrogen 
barrier film is formed so as to cover the common upper 
electrode, even when annealing in a hydrogen atmos- 
phere Is performed after forming the ferroelectric capac- 
itors, hydrogen invasion of the capacitor dielectric film 
ofthe ferroelectric capacitor In a downward direction can 
be prevented. Thus, the ferroelectric film used for form- 
ing the capacitor dielectric film can be prevented from 
being reduced. 

[0020] In the fen^oelectric memory, the second insu- 
lating hydrogen barrier film 1$ preferably formed sepa- 



rately with respect to every capacitor line including some 
ferroelectric capacitors arranged along the one direc- 
tion. 

[0021] Thus, there Is also no need to pattern the sec- 
5 ond insulating hydrogen barrier film in a region between 
the lower electrodes o1 the plural ferroelectric capacitors 
arranged in the one direction, and hence, there is no 
need to secure a dimensional margin between the lower 
electrodes In consideration ofthe shift of a mask used 
10 for patterning. Accordingly, the intervals between the 
ferroelectric capacitors can be reduced, so as to reduce 
the area of the memory cell, namely, the area of the fer- 
roelectric memory. 

[0022] In the ferroelectric memory, the second Insu- 

'5 iating hydrogen barrier film is preferably formed to cover 
a pair of capacitor lines adjacent to each other along the 
other direction out of the word line direction and the bit 
line direction among capacitor lines each including 
some ferroelectric capacitors arranged along the one dt- 

20 rectlon. 

[0023] Thus, there is no need to secure a dimensional 
margin between the pair of capacitor lines each Includ- 
ing the plural ferroelectric capacitors arranged In the one 
direction. Therefore, the interval between the pair of ca- 
25 pacltor lines can be reduced, so as to reduce the area 
of the memory cell array, namely, the area of the ferro- 
electric memory. Also, since there is a region where no 
hydrogen barrier film Is fomned In the vicinity of a select- 
ing transistor of tiie ferroelectric memory. It is possible 
30 to secure a path for hydrogen to diffuse Into the selecting 
transistor during annealing performed in a hydrogen at- 
mosphere for recovering the characteristic of the tran- 
sistor after fomning metal wires. 

[0024] In the ferroelectric memory, a conducting hy- 
55 drogen barrier film Is preferably formed between a con- 
tact plug fomied In the Interlayer Insulating film and the 
lower electrodes. 

[0025] Thus, in the case where annealing In a hydro- 
gen atmosphere is performed after forming the ferroe- 
40 lectrlc capacitors, hydrogen Invasion of the capacitor di- 
electric film of the ferroelectric capacitors In an upward 
direction can be prevented. Therefore, the ferroelectric 
film used for forming the capacitor dielectric film can be 
prevented from being reduced. 
45 [0026] In the case where the ferroelectric memory of 
this invention includes the conducting hydrogen barrier 
film, every capacitor line Including some ferroelectric ca- 
pacitors arranged along the one direction is preferably 
completely covered with the conducting hydrogen bar- 
so rier film, the first insulating hydrogen barrier film and the 
second Insulating hydrogen barrier film. 
[0027] Thus, even when annealing is performed in a 
hydrogen atmosphere after forming the ferroelectric ca- 
pacitors, the hydrogen invasion of the capacitor dielec- 
55 trie film of the ferroelectric capacitors can be definitely 
prevented. Accordingly, the ferroelectric film used for 
forming the capacitor dielectrto film can be prevented 
from being reduced, resulting in definitely preventing 
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degradation of the characteristic of the capacitor dieiec- 

trie film. 

[0028] In the ferroelectric memory, a level reducing 
rilm tor reducing a level difference caused in a peripheral 
portion of the comnrion upper electrode is preferably 
formed between the common upper electrode and the 
second Insulating hydrogen barrier tiinn. 
[0029] Thus, an angular level difference caused In the 
peripheral portion of the patterned upper electrode can 
be reduced, so as to improve coverage of the second 
Insulating hydrogen barrier film at the peripheral portion 
of the upper electrode. 

[0030] In the ferroelectric memory, the first insulating 
hydrogen barrier film can be made from a SI3N4 film, a 
SiON film, an AI2O3 film, aTiOg film or an oxide or oxide 
nitrlded film of an alloy 0I Tl and Al. 
[0031] In the ferroelectric memory, the second insu- 
lating hydrogen barrier film can be made from a SI3N4 
film, a SiON film, an AI2O3 film, a TiOg film, a TiN film, 
an alloy film of Tl and At. or an oxide, nitride or oxide 
nitrided film of an alloy of Tl and Al. 
[0032] in the ferroelectric memory, the conducting hy- 
drogen ban^ler film can be made from an alloy film of Tl 
and Al, a nitride or oxide nitrided film of an alloy of Ti 
and Al, or a TiN film. 

[0033] The method of this Invention for fabricating a 
ferroelectric memory including a plurality of ferroelectric 
capacitors, each of which has a lower electrode, a ca- 
pacitor dielectric film of a ferroelectric film and an upper 
electrode successively fomned on an Interlayer insulat- 
ing film on a semiconductor substrate, the plurality of 
ferroelectric capacitors being arranged along a bit line 
direction and a word line direction, comprises the steps 
of forming the lower electrodes of the plurality of ferro- 
electric capacitors on the Interlayer Insulating film; de- 
positing a first Insulating hydrogen barrier film on the In- 
terlayer insulating film and the lower electrodes and 
planarizing the first insulating hydrogen barrier film, 
whereby filling the first Insulating hydrogen barrier film 
between the tower electrodes of sonrte ferroetectric ca- 
pacitors, among the plurality of f en-oelectric capacitors, 
that are arranged along one direction out of the word 
line direction and the bit line direction; forming, on the 
lower electrodes of the some ferroelectric capacitors ar- 
ranged along the one direction and on the first insulating 
hydrogen iDarrier film, the capacitor dielectric film as a 
common capacitor dielectric film commonly used by the 
some ferroelectric capacitors arranged along the one di- 
rection; forming, on the common capacitor dielectric 
film, the upper electrode as a common upper electrode 
commonly used by the some ferroelectric capacitors ar- 
ranged along the one direction; and fomning, on the 
common upper electrode, asecond insulating hydrogen 
barrier lilm covering the common upper electrode. 
[0034] In the method for fabricating a ferroelectric 
memory of this invention, the first insulating hydrogen 
barrier film is filled between the lower electrodes of the 
plural fen^oeiectrlc capacitors arranged In one direction. 



Therefore, there is no need to pattern the first insulating 
hydrogen barrier film In regions between the lower elec- 
trodes of the ferroelectric capacitors arranged in the one 
direction, and hence, there is no need to secure a dl- 

5 mensional margin between the lower electrodes in con- 
sideration of shift of a mask used for patterning. As a 
result, the intervals between the ferroelectric capacitors 
can be reduced, so as to reduce the area of the memory 
cell, namely, the area of the ferroelectric memory, 

10 [0035] Also, since the method comprises the step of 
forming the second Insulating hydrogen barrier film so 
as to cover the common upper electrode, even when 
annealing in a hydrogen atmosphere is perfomned after 
fomning the ferroelectric capacitors, hydrogen invasion 

IS of the capacitor dielectric film of the ferroelectric capac- 
itors In a downward direction can be prevented. Thus, 
the ferroelectric film used for forming the capacitor die- 
lectric film can be prevented from being reduced. 
[0036] In the method for fabricating a ferroelectric 

20 memory, the second Insulating hydrogen barrier film Is 
preferably formed separately with respect to every ca- 
pacitor line including some fen-oeiectric capacitors ar- 
ranged along the one direction. 

[0037] Thus, there is also no need to pattern the sec- 
25 ond insulating hydrogen barrier film in a region between 
the lower electrodes ot the plural fen"oelectrlc capacitors 
arranged in the one direction, and hence, there is no 
need to secure a dimensional margin between the lower 
electrodes in consideration of the shift of a mask used 
30 for patterning. Accordingly, the intervals between the 
ferroelectric capacitors can be reduced, so as to reduce 
the area of the memory cell, namely, the area of the fer- 
roelectric memory. 

[0038] In the method for fabricating a ferroelectric 
35 memory, the second Insulating hydrogen barrier film Is 
preferably formed to cover a pair of capacitor lines ad- 
jacent to each other along the other direction out of the 
word line direction and the bit line direction among ca- 
pacitor lines each Including some ferroelectric capaci- 
40 tors arranged along the one direction. 

[0039] Thus, there Is no need to secure a dimensional 
margin between the pair of capacitor lines each Includ- 
ing the plural ferroelectric capacitors arranged in the one 
direction. Therefore, the inters^al between the pair ot ca- 
45 pacltor lines can be reduced, so as to reduce the area 
of the memory cell array, namely, the area of the ferro- 
electric memory. Also, since there Is a region where no 
hydrogen barrier film Is fornied in the vicinity of a select- 
ing transistor of the ferroelectric memory, it is possible 
50 to secure a path for hydrogen to diffuse Into the selecting 
transistor during annealing performed In a hydrogen at- 
mosphere for recovering the characteristic of the tran- 
sistor after fonning metal wires. 
[0040] The method for fabricating a ferroelectric 
S5 memory of this invention preferably further comprises, 
before the step of fonning the lower electrodes, a step 
of forming a conducting hydrogen barrier film between 
a contact plug formed In the Interlayer Insulating film and 
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the lower electrodes. 

[0041] Thus, In the case where annealing In a hydro- 
gen atmosphere Is performed after forming the ferroe- 
lectric capacitors, hydrogen Invasion olthe capacitor di- 
electric film of the ferroelectric capacitors In an upward 
direction can be prevented. Therefore, the ferroelectric 
film used for forming the capacitor dielectric film can be 
prevented from being reduced. 
[0042] In the case where the method tor fabricating a 
ferroelectric memory of this invention comprises the 
step of forming a conducting hydrogen barrierfllm, every 
capacitor line Including some fennoelectric capacitors ar- 
ranged along the one direction is preferably completely 
covered with the conducting hydrogen ban*ler film, the 
first insulating hydrogen barrierfllm and the second in- 
sulating hydrogen ban-lerfllm. 

[0043] Thus, even when annealing is perfomied in a 
hydrogen atmosphere after forming the ferroelectric ca- 
pacitors, the hydrogen invasion of the capacitor dielec- 
tric film of the fennoelectric capacitors can be definitely 
prevented. Accordingly, the ferroelectric film used for 
forming the capacitor dielectric film can be prevented 
from being reduced, resulting In definitely preventing 
degradation of the characteristic of the capacitor dielec- 
tric film. 

[0044] The method tor fabricating a ferroelectric 
memory of this invention preferably further comprises, 
between the step of f onning the upper electrode and the 
step of forming a second insulating hydrogen barrier 
film, a step of fomiing, between the common upper elec- 
trode and the second insulating hydrogen barrierfllm. a 
level reducing film for reducing a level difference caused 
In a peripheral portion of the common upper electrode. 
[0045] Thus, an angular level difference caused in the 
peripheral portion of the patterned upper electrode can 
be reduced, so as to Improve coverage of the second 
insulating hydrogen barrier film at the peripheral portion 
of the upper electrode. 

[0046] in the method for fabricating a ferroelectric 
memory, the first Insulating hydrogen barrierfllm can be 
made from a SI3N4 film, a SION film, an AI2O3 film, a 
TIO2 titm or an oxide or oxide nitrided film of an alloy of 
Ti and Al. 

[0047] In the method for fabricating a ferroelectric 
memory, the second Insulating hydrogen barrierfllm can 
be made from a SigN^ film, a SION film, an AlgOg film, 
a TIO2 film, a TIN film, an alloy film of TI and Al, or an 
oxide, nitride or oxide nitrided film of an alloy of Ti and Al. 
[004B] In the method for fabricating a ferroelectric 
memory, the conducting hydrogen barrier film can be 
made from an alloy film of Tl and Al, a nitride or oxide 
nitrided film of an alloy of Ti and Al, or a TIN film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] 

FIG. 1 Is a cross-sectional view taken along a word 



line direction of a ferroelectric memory according to 

an embodiment of the Invention; 

FIG. 2 Is a cross-sectional view taken along a bit 

line direction of the ferroelectric memory according 
5 to the embodiment of the invention; 

FIG. 3 Is a cross-sectional view taken along a bit 

line direction of a ferroelectric memory according to 

a modification of the embodiment of the Invention; 

FIGS. 4 A, 4B and 4C are cross-sectional views for 
10 showing procedures in a method for fabricating a 

ferroelectric memory according to the embodiment 

of the invention; 

FIGS. 5A, 58 and 5C are cross -sectional views for 
showing other procedures In the method for fabrl- 
*5 eating a ferroelectric memory according to the em- 
bodiment of the Invention; and 
FIG. 6 is a cross-sectional view of a conventional 
ferroelectric memory. 

20 DETAILED DESCRIPTION OF THE INVENTION 

[0050] The structure of a ferroelectric memory ac- 
cording to a preferred embodiment of the Invention will 
now be described with reference to FIGS. 1 and 2. 
25 [0051] The ferroelectric memory of this embodiment 
has a memory cell an-ay Including a plurality of memory 
cells arranged In a matrix shape along a word line direc- 
tion and a bit line direction. FIG. 1 shows the cross-sec- 
tional structure of the fen-oelectric memory taken along 
a plane parallel to a word line and FIG. 2 shows the 
cross-sectional structure thereof taken along a plane 
parallel to a bit line. 

[0052] As shown In FIGS. 1 and 2, an Isolation region 
101 Is formed In a surface portion of a semiconductor 
substrate 100 of silicon, and a gate electrode 102 Is 
formed on the semiconductor substrate 100 whh a gate 
Insulating film sandwiched therebetween in a portion 
surrounded with the isolation region 101 . First high con- 
centration Impurity diffusion layersl03A and 103B serv- 
ing as a source and a drain are formed In surface por- 
tions of the semiconductor substrate 100 on both sides 
of the gate electrode 102. The gate electrode 102 and 
the first high concentration impurity diffusion layers 
103A and 103B together forni a field effect transistor. A 
second high concentration Impurity diffusion layer 104 
is formed In a surface portion of the semiconductor sub- 
strate 100 in a peripheral portion around the memory 
cell array. 

[0053] A first interlayer insulating film 105 is formed 
on the semiconductor substrate 100 so as to cover the 
field effect transistor. A first contact plug 106 and a sec- 
ond contact plug 107 are buried in the first interlayer in- 
sulating film 105 with the lower end of the first contact 
plug 1 06 connected to the first high concentratnn impu- 
rity diffusion layer 103 A and the lower end of the second 
contact plug 1 07 connected to the second high concen- 
tration impurity diffusion layer 104. 
[0054] A conducting hydrogen barrier film 108 Is 
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formed on the first interlayer insulating film 105 so as to 
be connected to the upper end of the first contact plug 
106 or the second contact plug 107. A lower electrode 
109 Is formed on the conducting hydrogen barrier film 
108 in a position above the first contact plug 106, and 
an upper electrode relay portion 110 is formed on the 
conducting hydrogen barrier film 1 08 in a position above 
the second contact plug 107. 

[0055] A first insulating hydrogen barrier film 111 Is 
formed on the first interiayer insulating film 105 so as to 
surround the lower electrode 109 and the upper elec- 
trode relay portion 1 1 0, so that the top faces of the tower 
electrode 1 09, the upper electrode relay portion 110 and 
the first Insulating hydrogen barrier film 111 can be 
placed at substantially the same level. In this embodi- 
ment, the first insulating hydrogen barrier lllm 111 Is 
filled without leaving any space between the lower elec- 
trodes 109 arranged along the word line direction as 
shown in FIG. 1 but there is a space in the finst insulating 
hydrogen barrier film 111 fonned between the adjacent 
lower electrodes 109 an^anged along the bit line direc- 
tion as shown in FIG. 2. 

[0056] A capacitor dielectric film 112 made from a fer- 
roelectric film and commonly used by ferroelectric ca- 
pacitors arranged in the word line direction is formed on 
the lower electrodes 109 arranged In the word line di- 
rection and on the first insulating hydrogen barrier film 
111, and an opening Is formed In the capacitor dielectric 
riim 112 above the upper electrode relay portion 110. 
An upper electrode 113 commonly used by the ferroe- 
lectric capacitors an'anged along the word line direction 
Is fonned on the capacitor dielectric film 112. and the 
upper electrode 1 1 3 Is connected to the upper electrode 
relay portion 1 10 through the opening formed In the ca- 
pacitor dielectric film. The lower electrode 109, the ca- 
pacitor dielectric film 112 and the upper electrode 113 
described above together form a ferroelectric capacitor, 
and the capacitor dielectric film 112 and the upper elec- 
trode 113 arecommonly provided to every capacitor line 
Including a plurality of ferroelectric capacitors arranged 
along the word line direction. 

[0057] A second Insulating hydrogen barrier film 115 
is formed on the upper electrode 113 with a level reduc- 
ing film 114 sandwiched therebetween, and the periph- 
eral portion of the second Insulating hydrogen barrier 
film 1 1 5 is connected to the top face of the first insulating 
hydrogen barrier film 111 . Accordingly, every capacitor 
line Including a plurality of ferroelectric capacitors ar- 
ranged along the word line direction is completely cov- 
ered with the conducting hydrogen barrier film 108, the 
first Insulating hydrogen barrierfllm 111 and the second 
insulating hydrogen barrier film 115, 
[0058] A second Interiayer Insulating film 116 Is 
formed on the fir^t interiayer insulating film 105 so as to 
cover the second insulating hydrogen barrier film 115, 
and a first metal wire 117 and a second metal wire 118 
are fonned on the second interiayer insulating film 1 1 6. 
The first metal wire 1 17 and the first high concentration 



impurity diffusion layer 103B are connected to each oth- 
er through a third contact plug 1 1 9 burled In the first In- 
teriayer insulating film 105 and the second interiayer in- 
sulating film 116, and the second metal wire 118 and 
5 the second high concentration impurity diffusion layer 

104 are connected to each other through a fourth con- 
tact plug 120 buried In the first interiayer insulating film 

105 and the second Interiayer Insulting film 116. 
[0059] In the ferroelectric memory of this embodl- 

10 ment, the first insulating hydrogen barrier film 111 is 
filled between the lower electrodes 109 of the plural fer- 
roelectric capacitors arranged along the word line direc- 
tion. Therefore, there is no need to pattern the first in- 
sulating hydrogen barrierfllm 111 In regions between 

15 the lower electrodes 109 of the plural ferroelectric ca- 
pacitors arranged along the word line direction. Accord- 
ingly, there is no need to secure a dimensional margin 
between the lower electrodes 109 In consideration of the 
shift of a mask used for the patterning, and hence, the 

20 intervals between the ferroelectric capacitors can be re- 
duced so as to reduce the area of the memory cell array. 
[0060] Also, every capacitor line including the plural 
ferroelearic capacitors arranged along the word line di- 
rection is completely covered with the conducting hydro- 
ps gen barrier film 1 08, the first Insulating hydrogen barrier 
film 111 and the second Insulating hydrogen barrierfllm 
115. Therefore, even when annealing is performed in a 
hydrogen atmosphere afterformlng the ferroelectric ca- 
pacitors, the hydrogen Invasion of the capacitor dlelec- 

so trie film 112 of the ferroelectric capacitors can be defi- 
nitely prevented. Accordingly, the reduction of the ferro- 
electric film used for forming the capacitor dielectric film 
112 can be prevented, so as to prevent degradation of 
the characteristic of the capacitor dielectric film 112. 

35 [0061] Now, a ferroelectric memory according to a 
modification of this embodiment wilt be described with 
reference to FIG. 3. In this modification, like reference 
numerals are used to refer to like elements used in the 
embodiment, and the description Is omitted. 

40 [0062] In the above-described embodiment of the In- 
vention, there are spaces between the capacitor lines 
each including the ferroelectric capacitors arranged 
along the word line direction and the spaces are filled 
with the second interiayer insulating film 116 as shown 

45 In FIG. 2. In contrast, In this modification, there is no 
space between a pair of capacitor lines adjacent to each 
other along the bit line direction without sandwiching the 
third contact plug 119, and the first insulating hydrogen 
barrier film 111, the level reducing film 114 and the sec- 

50 ond insulating hydrogen barrierfllm 115 are continuous 
In a region between this pair of capacitor lines as shown 
in FIG. 3. 

[0063] In the ferroelectric memory according to the 
modification of this embodiment, there Is no need to pat- 
S5 tern the first insulating hydrogen barrier film 111 also in 
a region between the lower electrodes 109 of the ferro- 
electric capacitors adjacent to each other along the bit 
line direction. Therefore, the Intervals between the lower 
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electrodes 109 adjacent to each other along the bit line 
direction can be also reduced, so as to further reduce 
the area of the memory cell array. 
[0064] Also, since there Is a region where no hydro- 
gen barrier film is fomned in the vicinity of the selecting 
transistor of the ferroelectric memory, It Is possible to 
secure a path for allowing hydrogen to diffuse into the 
selecting transistor during annealing performed In a hy- 
drogen atmosphere for recovering the characteristic of 
the transistor after forming the metal wires. In particular 
in a stack type ferroelectric memory In which ferroelec- 
tric capacitore are fomned above transistors, a path for 
allowing hydrogen to diffuse into the selecting transistor 
can be provided In the vicinity of the area where the tran- 
sistor is formed. Accordingly, in the annealing perfomried 
In a hydrogen atmosphere for recovering the character- 
istic of the transistor after fomilng the metal wires, the 
path for allowing hydrogen to diffuse into the selecting 
transistor can be definitely secured, so that the charac- 
teristic of the transistor can be definitely secured. 
[0065] Now, a method for fabricating the ferroelectric 
memory of this embodiment will be described with ref- 
erence to FIGS. 4A through 4C and 5A through 5C. 
[0066] First, as shown in FIG. 4A, an isolation region 

101 is formed in a surface portion of a semiconductor 
substrate 100 of silicon by known STI (Shallow Trench 
Isolation) technique or the like. Then, a gate electrode 

102 (shown In FIG. 2) Is fomned by known CIVIOS proc- 
ess on the semiconductor substrate 100 with a gate In- 
sulating film sandwiched therebetween In a portion sur- 
rounded with the isolation region 101. Thereafter, first 
high concentration Impurity diffusion layers 103A and 
103B sending as a source and a drain are formed In sur- 
face poitlons of the semiconductor substrate 1 GO on the 
both sides of the gate electrode 102, and a second high 
concentration impurity diffusion layer 104 Is formed In a 
surface portion of the semiconductor substrate 100 In a 
peripheral portion of a memory cell array. Thus, a field 
effecttranslstor Including the gate electrode 102 and the 
first high concentration impurity diffusion layers 103A 
and 103B Is formed. 

[0067] Next, a first Interlayer insulating film 105 of a 
BPSG film is formed on the semiconductor substrate 
100 so as to cover the field effect transistor. Then, a first 
contact hole whose tower end Is connected to the first 
high concentration impurity diffusion layer 103A and a 
second contact hole whose lower end Is connected to 
the second high concentration impurity diffusion layer 
104 are formed in the first interlayer insulating film 105. 
Thereafter, a titanium film with a thickness of 10 nm 
formed by sputtering and a titanium nitride film with a 
thickness of 10 nm formed by CVD are successively de- 
posited on the walls and the bottoms of the first and sec- 
ond contact holes. Then, a tungsten film is deposited by 
the CVD wHhin the finst and second contact holes and 
over the first interlayer insulating film 105. Subsequent- 
ly, a portion of the tungsten film e^^posed on the first in- 
terlayer Insulating film 105 Is polished back by CRAP, 



thereby forming a first contact plug 106 and a second 
contact plug 107. 

[0068] Next, a nitride film of an alloy of Ti and Al with 
a thickness of, tor example, 40 nm Is deposited on the 

5 first Interiayer insulating film 105 by the sputtering, and 
a multilayer film consisting of, for example, an Irfllm with 
a thickness of 100 nm, an IrOg film with a thickness of 
50 nm and a Pt film with a thickness of 100 nm Is de- 
posited on the nitride film by the sputtering. Thereafter, 

10 the multilayer film and the nitride film are patterned, so 
as to fomi a conducting hydrogen barrier film 108 made 
from the nitride film of the alloy of Tl and Al, and lower 
electrodes 1 09 and an upper electrode relay portion 110 
made from the muttilayer film of the Ir film, the IrOg film 

^5 and the Pt film as shown in FIG. 4B. The conducting 
hydrogen barrier film 108 may be made from an alloy 
film of Ti and Al, an oxide nitrided film of an alloy of Ti 
and Al or a TIN film Instead of the nitride film of the alloy 
of Ti and Al. 

20 [0069] Next, a 5I3N4 film with a thickness of 400 nm 
is deposited by the CVD over the lower electrodes 109, 
the upper electrode relay portion 1 10 and the first inter- 
layer Insulating film 105, and the SI3N4 film Is planarlzed 
by the CMP. Thus, as shown in FIG. 4C, a first insulating 

25 hydrogen barrier film 111 is filled between the lower 
electrodes 109 and between the lower electrode 109 
and the upper electrode relay portion 110, and the top 
face of the first Insulating hydrogen barrier film 111 Is 
placed at substantially the same level as the top faces 

30 of the lower electrodes 1 09 and the upper electrode re- 
lay portion 110. The first Insulating hydrogen barrier film 
111 may be made from a SiON film, an AI2O3 film, a 
TIO2 film, or an oxide or oxide nitrided film of an alloy of 
Tl and Al instead ot the SigN^. film. 

ss [0070] Next, as shown In FIG. 5A, a fen-oelectric film 
of, for example, a SBT film with a thickness of 100 nm 
is deposited by spin coating on the lower electrodes 109, 
the upper electrode relay portion 110 and the first insu- 
lating hydrogen barrlerfllm 11 1 , and thefen'oelectric film 

"to Is patterned, so as to form a capacitor dielectric film 112 
that Is commonly formed on the lower electrodes 109 
arranged along the word line direction and on the first 
insulating hydrogen barrier film 111 and has an opening 
above the upper electrode relay portion 110. Thereafter, 

45 a Pt film with a thickness of 1 00 nm Is deposited by the 
sputtering on the capacitor dielectric film 112, and the 
R film Is pattemed, so as to form an upper electrode 
113 on the capacitor dielectric film 112. Thus, a capac- 
itor line in which ferroelectric capacitors each including 

50 the lower electrode 109. the capacitor dielectric film 112 
and the upper electrode 113 are arranged along the 
word line direction is formed, and the capacitor dielectric 
film 112 and the upper electrode 113 are commonly pro- 
vided on the capacitor line. 

55 [0071] Next, as shown in FIG. 5B, an NSG film with a 
thickness of 150 nm is deposited over the upper elec- 
trode 113 and the first insulating hydrogen barrier film 
111. The NSG film Is patterned so as to completely cov- 
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er every capacitor line including the ferroelectric capac- 
itors arranged along the word line direction and the up- 
per electrode relay portion 110 disposed at the end of 
the capacitor line. Thus, a level reducing film 1 14 of the 
NSG film is formed. 

[0072J Then, a second Insulating hydrogen barrier 
film 115 with a thickness of 100 nm is deposited over 
the level reducing film 11 4 and the first insulating hydro- 
gen barrier film 111. The second insulating hydrogen 
barrier film 115 and the first insulating hydrogen barrier 
film 111 are patterned, so as to cover every capacitor 
line including the fen^oelectrtc capacitors arranged along 
the word line direction and the upper electrode relay por- 
tion 110 disposed at the end of the capacitor line. Thus, 
since the patterned second insulating hydrogen barrier 
film 115 and the patterned first Insulating hydrogen bar- 
rier film 111 are connected to each other at the periph- 
eral portions thereof, every capacitor line Including the 
ferroelectric capacitors arranged along the word line di- 
rection Is completely covered with the conducting hydro- 
gen barrier film 108, the first insulating hydrogen barrier 
film 111 and the second insulating hydrogen barrier film 
115. 

[0073] The second insulating hydrogen barrier film 
115 may be made from any film capable of preventing 
hydrogen Invasion, such as a SI3N4 film, a SION film, an 
AI203 film, a TIO2 film, a TIN film, an alloy film of Ti and 
At. and an oxide, nitride or oxide nitrlded rilm of an alloy 
of Ti and Al. 

[0074] The level reducing film 114 Is formed for reduc- 
ing an angular level difference caused at the periphery 
of the capacitor dielectric film 112 and the upper elec- 
trode 113 formed through the patterning, so as to Im- 
prove the coverage of the second Insulating hydrogen 
barrier film 1 1 5 at the periphery of the capacitor dielec- 
tric film 112 and the upper electrode 1 1 3. 
[0075] Accordingly, when the second insulating hy- 
drogen barrier film 115 is made from a film with good 
coverage, such as a SIN film, a SION film, an AI2O3 film, 
a TIO2 film or an oxide film of an alloy of TI and Al, the 
level reducing film 114 can be omitted. 
[0076] Next, as shown In FIG. 5C, a second Interlayer 
insulating film 116 of an NSG film is deposited on the 
first interlayer insulating film 105 so as to cover the pat- 
terned second insulating hydrogen barrier film 115, and 
the second interlayer insulating film 1 16 is planarized. 
[00771 Then, a third contact hole connected to the first 
high concentration impurity diffusion layer 1 03B (shown 
in FIG. 2) and a fourth contact hole connected to the 
second high concentration impurity diffusion layer 104 
are formed In the first Interlayer Insulating film 105 and 
the second interlayer insulating film 116. Thereafter, a 
tungsten film is filled In the third contact hole and the 
fourth contact hole, so as to fomn a third contact plug 
119 and a fourth contact plug 120 (shown in FIG. 2). 
[0076] Subsequently, an Al alloy film is deposited on 
the second interlayer insulating film 1 16, and the Al alloy 
film Is patterned Into a first metal wire 117 and a second 



metal wire 1 1 8. In this manner, the ferroelectric memory 
according to the embodiment of the Invention is ob- 
tained. 

[0079] in this embodiment, the first Insulating hydro- 
5 gen barrier film 111 is tilled between the tower elec- 
trodes 1 09 of the p lu ral ferroelectric capacitors a rranged 
along the word line direction among the plural fen'oelec- 
trlc capacitors Included In the memory cell array; the ca- 
pacitor dielectric film 112 commonly used by the plural 
ferroelectric capacitors arranged along the word line di- 
rection Isfomned on the lower electrodes 109 of the plu- 
ral ferroelectric capacitors arranged along the word line 
direction and on the first insulating hydrogen barrier film 
1 1 1 ; the upper electrode 113 commonly used by the plu- 
ral ferroelectric capacitors arranged along the word line 
direction Is formed on the common capacitor dielectric 
film 112; and the second insulating hydrogen barrierfilm 
115 Is formed so as to cover the common upper elec- 
trode 113. Instead, the following structure may be em- 
ployed: The first insulating hydrogen barrier film 111 Is 
filled between the lower electrodes 1 09 of a plurality of 
ferroelectric capacitors arranged along the bit tine direc- 
tion among the plural fen'oelectric capacitors Included 
in the memory cell array; the capacitor dielectric film 112 
commonly used by the plural ferroelectric capacitors ar- 
ranged along the bit line direction is formed on the lower 
electrodes 109 of the plural fen'oelectric capacitors ar- 
ranged along the bit line direction and on the first insu- 
lating hydrogen barrierfilm 111; the upper electrode 113 
commonly used by the plural ferroelectric capacitors ar- 
ranged along the bit line direction is fonned on the com- 
mon capacitor dielectric film 112; and the second Insu- 
lating hydrogen ban'lerfllm 115 Is formed so as to cover 
the common upper electrode 1 13. 



Claims 

1 . A ferroelectric memory comprising: 

40 

a plurality of ferroelectric capacitors, each of 
which Includes a lower electrode, a capacitor 
dielectric film of a ferroelectric film and an upper 
electrode successively f omned on an Interlayer 
Insulating film on a semiconductor substrate, 
said plurality of ferroelectric capacitors being 
arranged along a word line direction and a bit 
line direction, 

50 wherein afirst insulating hydrogen barrierfilm 

Is filled between said lower electrodes of some fer- 
roelectric capacitors, among said plurality of ferro- 
electric capacitors, that are arranged along one di- 
rection out of said word line direction, and said bit 
55 lino direction, 

said capacitor dielectric film Is fonned as a 
common capacitor dielectric film commonly used by 
said some ferroelectric capacitors arranged along 
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9. The fGrroGlectrlc memory of Claim 4. 

wherein said conducting hydrogen barrlerfllm 
is made from an alloy film of Tl and Al, a nitride or 
oxide nttrlded film of an alloy of Tl and Al, or a TiN 
film. 

10. A method for fabricating a ferroelectric memory in- 
cluding a plurality of ferroelectric capacitors, each 
of which has a lower electrode, a capacitor dielectric 
film of a ferroelectric film and an upper electrode 
successively fornned on an Interlayer Insulating film 
on a semiconductor substrate, said plurality of fer- 
roelectric capacitors being arranged along a bit line 
direction and a word line direction, comprising the 
steps of: 



said one direction and fornned on said lower elec- 
trodes o1 said some ferroelectric capacitors ar- 
ranged along said one direction and on said first in- 
sulating hydrogen barrier film. 

said upper electrode is fornned as a common s 
upper electrode commonly used by said some fer- 
roelectric capacitors arranged along said one direc- 
tion and formed on said common capacitor dielec- 
tric film, and 

a second Insulating hydrogen barrier film is io 
formed to cover said common upper electrode. 

2. The ferroelectric memory of Claim 1 , 

wherein said second Insulating hydrogen bar- 
rier film is fornned separately with respect to every ^5 
capacitor line Including some ferroelectric capaci- 
tors arranged along said one direction. 

3. The fenroelectric memory of Claim 1 . 

wherein saldsecond Insulating hydrogen bar- so 
rier film Is formed to cover a pair of capacitor lines 
adjacent to each other along the other direction out 
of said word line direction and said bit line direction 
among capacitor lines each including some ferroe- 
lectric capacitors arranged along said one direction. 25 

4. The ferroelectric memory of Claim 1 , 

wherein a conducting hydrogen barrier film Is 
formed between a contact plug formed In said inter- 
layer Insulating film and said lower electrodes. so 

5. The fenroelectric memory of Claim 4. 

wherein every capacitor line Including some 
ferroelectric capacitors arranged along said one di- 
rection Is completely covered with said conducting 3S 
hydrogen barrier film, said first Insulating hydrogen 
barrier film and said second insulating hydrogen 
barrier film. 

6. The fenroelectric memory of Claim 1 , ^o 

wherein a level reducing film lor reducing a 
level difference caused In a peripheral portion of 
said common upper electrode is formed between 
said common upper electrode and said second in- 
sulating hydrogen barrier film. ^5 

7. The fenroelectric memory of Claim 1 , 

wherein said first insulating hydrogen barrier 
film is made from a Si3N4 film, a SiON film, an AI2O3 
film, a T1O2 film or an oxide or oxide nitrided film of so 
an alloy of Tl and AL 

8. The ferroelectric memory of Claim 1 , 



wherein saldsecond insulating hydrogen bar- 
rier film is made from a Si3N4 film, a SiOfsl film, an 
AI2O3 film, a TiOg film, a TiN film, an alloy film of Ti 
and Al, or an oxide, nitride or oxide nitrided film of 
an alloy of Tl and Al. 



forming said lower electrodes of said plurality 
of ferroelectric capacitors on said Interiayer in- 
sulating film; 

depositing a first Insulating hydrogen barrier 
film on said Interlayer Insulating film and said 
lower electrodes and planarizing said first insu- 
lating hydrogen barrlerfllm, whereby filling said 
first insulating hydrogen barrier film between 
said lower electrodes of some ferroelectric ca- 
pacitors, among said plurality of ferroelectric 
capacitors, that are arranged along one direc- 
tion out of said word line direction and said bit 
line direction; 

forming, on said lower electrodes of said some 
ferroelectric capacitors arranged along said 
one direction and on said first insulating hydro- 
gen barrier film, said capacitor dielectric tllm as 
a common capacitor dielectric film commonly 
used by said some ferroelectric capacitors ar- 
ranged along said one direction; 
forming, on said common capacitor dielectric 
film, said upper electrode as a common upper 
electrode commonly used by said some ferro- 
electric capacitors arranged along said one di- 
rection; and 

forming, on said common upper electrode, a 
second insulating hydrogen barrier film cover- 
ing said common upper electrode. 

11. The method for fabricating a ferroelectric memory 
of Claim 10, 

wherein said second insulating hydrogen bar- 
rier film is formed separately with respect to every 
capacitor line including some ferroelectric capaci- 
tors arranged along said one direction. 

12- The method for fabricating a ferroelectric memory 
of Claim 10, 

wherein said second insulating hydrogen bar- . 
rier film is formed to cover a pair of capacitor lines 
adjacent to each other along the other direction out 
of said word line direction and said bit line direction 
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among capacitor lines each including some lerroo- 
lectrlc capacitors arranged along said one direction. 

13. The method for fabricating a ferroelectric memory 

of Claim 10, further comprising, before the step of 5 
forming said lower electrodes, a step of Tonnlng a 
conducting hydrogen barrier film between a contact 
plug formed In said Interlayer Insulating film and 
said lower electrodes. 

10 

14. The method for fabricating a ferroelectric memory 
of Claim 13, 

wherein every capacitor line including some 
ferroelectric capacitors arranged along said one di- 
rection is completely covered with said conducting 
hydrogen barrier film, said first insulating hydrogen 
barrier film and said second Insulating hydrogen 
barrier film. 

15- The method for fabricating a ferroelectric memory ^ 
of Claim 10, further comprising, between the step 
of fonning said upper electrode and the step of 
forming a second Insulating hydrogen barrier film, 
a step of forming, between said common upper 
electrode and said second insulating hydrogen bar- 25 
rier film, a level reducing film for reducing a level 
difference caused in a peripheral portion of said 
common upper electrode. 

16. The method for fabricating a ferroelectric memory so 
of Claim 10. 

wherein said first insulating hydrogen barrier 
film Is madefromaSl3N4fllm,aSIONfllm, an AI2O3 
film, a TIO2 film or an oxide or oxide nitrided film of 
an alloy of 71 and Al. ss 

17. The method for fabricating a ferroelectric memory 
of Claim 10, 

wherein said second Insulating hydrogen bar- 
rier film Is made from a SI3N4 film, a SION film, an 40 
AlgOg film, a TIO2 film, a TIN film, an alloy film of TI 
and Al, or an oxide, nitride or oxide nitrided film of 
an alloy of Ti and Al. 

18. The method for fabricating a ferroelectric memory 43 
of Claim 13, 

wherein said conducting hydrogen ban-lerf ilm 
is made from an alloy film of Ti and Al, a nitride or 
oxide nitrided film of an alloy of Ti and Al, or a TIN 
film. so 
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